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Introduction 

When design engineers are faced with challenging design 
issues with emerging technology, they almost always think 
the design solution has to be complex. This is not always 
the case, especially with Texas Instruments products. One 
of TI’s objectives is to develop products that are techni- 
cally competitive and easy for designers to implement. 
This article demonstrates this simplicity while describing 
the interfacing of the TMS320C31 DSP to the TLV2548 
ADC and TLV5618A DAC. This hardware interface solu- 
tion is efficient, inexpensive, and easily accomplished. It 
provides an effective and very simple system for data 
acquisition applications. 


Serial analog-to-digital converter 

The TLV2548 is a high-performance, 12-bit, low-power, 

CMOS analog-to-digital converter (ADC). Conversion is 

accomplished by successive approximation with a charge- 

redistribution digital-to-analog converter (DAC). This 
conversion process is initiated by an external trigger 
signal, and once conversion is complete, a 16-bit output 
code is generated. 

Data transfer in normal operation consists of a digital 
signal processor (DSP) initiating a command for the ADC 
to start sampling and converting the signal. A specified 
time after sampling and conversion are completed, the 
ADC interrupts the DSP and notifies it that the data is 
ready to be read. 

The DSP and ADC logic interface is described below: 

e The DSP selects the ADC by asserting the CS pin of the 
ADC through the XFO output of the DSP. 

e The transmit clock output of the DSP, CLKX, provides a 
fixed data clock into the SCLK input of the ADC and 
into the receive clock, CLKR, of the DSP as well. 

e The transmit frame-sync output, FSX, initializes every 
data transfer by sending a frame-sync pulse to the ADC 
FS input, as well as to the receive frame-sync input, FSR. 

e The DSP initializes the ADC by transferring a 4-bit con- 
trol word and 12 bits of data from the DX output into 
the SDI input of the ADC. A configuration cycle follows 
after initialization is complete, and then a select cycle. 

e After the conversion process is complete, the ADC gen- 
erates an interrupt for the DSP to read its conversion 
data. The falling edge of CS or FS, whichever comes 
first, cancels the interrupt and clears the conversion data. 

e The ADC clocks the digital conversion result out at the 
SDO pin, and into the DR input of the DSP. 


Serial digital-to-analog converter 


The TLV5618A is a low-power, dual 12-bit voltage output 
DAC, fabricated in CMOS technology, that can operate 
from a wide range of single-supply voltages. The resistor 
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string output voltage is buffered by a 2x gain rail-to-rail 
output buffer. The buffer features a Class-AB output stage 
to improve stability and reduce settling time. The pro- 
grammable settling time of the DAC allows for speed opti- 
mization versus power dissipation. The DAC is program- 
med with a 16-bit serial string containing 4 control and 12 
data bits as shown in Figure 1. 


Figure 1. DAC data format 
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The DSP and DAC logic interface is described below: 

¢ The DSP selects the DAC by asserting the CS pin of the 
DAC through the XFO output gated along with FSX/FSR 
signals of the DSP. This is necessary because the DSP 
serial port is shared with another serial I/O device. In 
addition, the DAC does not support frame-sync pulse 
for data transfers, and the DSP initializes every data 
transfer by sending a frame-sync pulse. 

e The transmit clock output of the DSP, CLKX, provides a 
fixed data clock into the SCLK input of the DAC and 
into the receive clock, CLKR, of the DSP as well. 

e The DSP initializes the DAC and writes the data by 
transferring a 4-bit control word and 12 bits of data 
from the DX output of the DSP into the DIN input of 
the DAC. 


Before the operation of the system is described, the 
reader should understand the internal operation of the 
TMS320C31 DSP standard bi-directional serial port interface. 


DSP standard serial interface 
The TMS320C31 DSP supports a standard bi-directional 
serial port interface that provides direct communication 
with any serial I/O devices. Before any system processes 
can be performed, initialization and configuration are 
required for all devices to be working properly. The DSP 
serial port requires a little more time and understanding 
for initializing and configuring, compared to the data con- 
verter devices. Therefore, this article explains the serial 
interface in some detail. 

Six control lines from the DSP are used to interface to 
the data converters, and they are as follows: 


CLKX Transmit clock input or output 
This signal clocks data from the transmit shift regis- 
ter (XSR) to the data transmit (DX) pin. The serial 
port can be configured for internal clock generation 
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or to accept an external clock. If the port is config- 
ured to generate the data clock on-chip, CLKX 
becomes an output, providing the data clock for the 
serial interface. If the port is configured to accept an 
external clock, CLKX changes to an input, receiving 
the external clock signal. 


FSX _ Transmit frame synchronization input or output 
FSX indicates the start of a data transfer. The serial 
port can be configured for internal frame-sync gen- 
eration or to accept an external frame-sync signal. If 
the port is configured to generate the frame-sync 
pulse on-chip, FSX becomes an output. If the port is 
configured to accept an external frame-sync pulse, 
this pin becomes an input. 


DX __ Serial data transmit 
DX transmits the actual data from the transmit shift 
register (XSR). 


CLKR Receive clock input 
CLKR always receives an external clock for clocking 
the data from the data receive (DR) pin into the 
receive shift register (RSR). 


FSR_ Receive frame synchronization input 
FSR always receives an external frame-sync pulse 
to initiate the reception of data at the beginning 
of a frame. 


DR Serial data receive 
DR receives the actual data, which is clocked into 
the receive shift register (RSR). 


In addition to these six control lines, there are control, 
shift, and buffer registers that are all 32 bits wide. These 
32-bit-wide registers support the standard serial port 
interface operation of the DSP. Each of these registers, 
except for the two shift registers (XSR and RSR), is locat- 
ed in its specific address mapped in memory. Table 1 
shows the register names, their respective addresses, and 
the values used for configuration applicable to this article. 


Table 1. Registers associated with the serial port 
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Serial port operation 

During the transmit operation, the CPU loads the data 
transmit register (DXR), which then loads the word into 
the transmit-shift register (XSR), and the bits are shifted 
out. The word does not get loaded into the XSR until it is 
empty. Once the DXR is loaded into the XSR, the XRDY 
status bit is set, specifying that the buffer (DXR) is avail- 
able to receive the next word, thus providing a double 
buffering function. The rising edge of the XRDY signal sets 
the XINTO bit in the interrupt flag (IF) register, provided 
that the transmit interrupt enable (XINT) bit, in the serial 
port global control register, and the CPU serial port 0 
transmit interrupt enable (EXINTO) bit, in the interrupt 
enable (IE) register, are set. 

During the receive operation, the CPU reads the 
received data from the data receive register (DRR), which 
is double-buffered as well. When the serial data (such as 
the ADC data) is input, the receive shift register (RSR) 
receives the data. When the specified number of bits is 
shifted in, the DRR is loaded from RSR, and the RRDY 
status bit is set, specifying that there is new data ready to 
be read from the DRR. If the DRR is not yet read and the 
RSR is full, the receiver is frozen. Any new data coming 
into the DR pin is ignored until the DRR is read. RSR does 
not write over the DRR; therefore, DRR must be read to 
allow new data in the RSR to be transferred to the DRR. 
The rising edge of the RRDY signal sets the RINTO bit in 
the interrupt flag (IF) register, provided that the receive 
interrupt enable (RINT) bit, in the serial port global 
control register, and the CPU serial port 0 receive inter- 
rupt enable (ERINTO) bit, in the interrupt enable (IE) 
register, are set. 


The interface operation 

When only one data converter device is involved, interfac- 
ing to the DSP is a cinch. But if more than one serial I/O 
device is used to interface with the DSP serial port, some 
challenging design issues arise. The situation that needs to 
be addressed is that the DSP should assert only one data 
converter at a time, specifically with the ADC. This is 
because the ADC interrupt signal is canceled by the 
falling-edge transition of FS. If the ADC interrupt signal is 
canceled, the corresponding ADC conversion data is also 
cleared. On the other hand, the DAC write cycle starts 
when the device detects a falling-edge transition from its 


REGISTER NAME ADDRESS (HEX) VALUE (HEX) 
Serial port global control 808040 00140044 
FSX/DX/CLKX port control 808042 00000111 
FSR/DR/CLKR port control 808043 00000111 
R/X timer-control 808044 000001CF 
R/X timer-counter 808045 00000000 
R/X timer-period 808046 00000000 
Data-transmit (DXR) 808048 Variable 
Data-receive (DRR) 80804C Variable 


The control registers contain the control bits, set by the 
CPU, to configure the operation of the standard serial 
port. The addressable buffer registers, DXR and DRR, are 
discussed further under “Serial port operation,” which fol- 
lows. See References 1 and 3 for more information about 
the TMS320C31 DSP serial port. 
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CS pin. The MSB is expected by the DAC after the falling 
edge of CS; therefore, the DSP has to send the data instan- 
taneously when a write to the DAC is performed. Since 
the DSP sends a frame-sync signal for every word transfer, 
the DSP has to be able to discern with which device to 
communicate. By gating, the required signals correctly 
achieve the complete isolation of the devices and ensure 
correct data transfer to each device. 

The hardware solution in Figure 2 shows the use of 
multiple-gate logic to control the selection of data convert- 
ers sharing the same serial port of the DSP. 

The falling edge of the FS signal from the DSP is the 
start of the ADC cycle. The ADC cycle is normally started 
with an initialization cycle followed by a configuration 
cycle. Once the ADC is initialized and configured, the nor- 
mal sample-and-convert process can be executed continu- 
ously. The ADC transmits and receives data with a 16-bit 
string, and the first 4 bits of data (CMSB) received from the 
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Figure 2. Hardware configuration for DSP to ADC and DAC interface 
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DSP are interpreted as a command set to determine the 
mode of the ADC. The remaining 12 bits of data make up 
the configuration code. If the command set initiated is A 
hex for bits D[15:12], then the following 12 bits of data, 
D[11:0], are used to configure the ADC. Figure 3 shows 
the timing diagram of the ADC write cycle initiated by the 
DSP to configure the ADC. During the initialization and 
configuration cycle, no conversion cycle is initiated on 
either read or write. The conversion cycle is initiated only 
after the ADC is configured as one of the four different 
modes of conversion (modes 00, 01, 10, 11). These four 
conversion modes operate slightly differently from each 
other, depending on how the converter performs sampling. 
Although the ADC has different options to select its trig- _ 
ger for conversion, this article discusses only the use of CS 
and FS to trigger the start of conversion for the mode 


Figure 3. ADC configuration (write CFR) 


Note: The logic gates are added for the control signals to allow the ADC and 
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the DAC to communicate with the DSP using the same serial port. 


discussed here, mode 00 (single-shot mode). See 
Reference 6 for more information. 

Figure 3 shows the typical data transfer sequence for 
the ADC input data. The first bit CMSB) of data is expect- 
ed after the falling edge of FS, and all following bits are 
shifted in on the falling edges of SCLK. For the output 
data, the first bit CMSB) of data is presented to the SDO 
pin after the falling edge of CS and FS LOW is detected. 
Successive output data changes on the rising edge of 
SCLK and is available at the falling edges of SCLK. 

The data collected by the DSP from the ADC is present- 
ed to the DAC at some certain time by the DSP. A slight 
adjustment to the ADC data needs to be made before it is 
presented to the DAC. Since the data received from the 
ADC has only 12 bits of usable data, the DSP has to 
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perform a shift of 4 bit positions to the right, starting from 
the MSB. The 4-bit control word for the DAC is then 
padded to the most significant nibble to make a good 16- 
bit string of data for the DAC. The DSP data manipulation 
flow, to format the ADC data to suit the DAC data format, 
is shown in Figure 4. 
The DAC 4-bit control word, as shown in the 4 MSBs in 
Figure 1, is described as follows: 
e RO and RI select all possible combinations of register- 
select bits (see Table 2). 
e SPD controls the speed mode of the DAC. 
e PWR controls the DAC to be in power-down or 
normal operation. 


SPD = 1 fast mode SPD = 0 slow mode 


PWR = 1 power down PWR = 0 normal operation 
The DAC timing requirement is shown in Figure 5. See 
Reference 7 for more detailed information. 
Figure 6 shows a typical timing diagram of the ADC and 
DAC data transfer through and from the DSP, respectively. 
The LOW time of ADC_CS indicates that the ADC is 
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Table 2. Register-select bits 


R1 RO REGISTER 

0 0 Write data to DAC B and buffer 

0 1 Write data to buffer 

1 0 Write data to DAC A and update DAC B with 
buffer content 

1 1 Reserved 


active, and the HIGH time indicates its inactivity. On the 
other hand, the LOW time of DAC_CS (HIGH time of 
ADC_CS) indicates the DAC active state. The specific 
assertion between the DAC and the ADC is made possible 
by the logic gates added in the hardware to share the DSP 
serial port. 

A simple illustration of the complete data acquisition 
system is shown in Figure 7. The functional operation of 
the illustration is performed using the single-shot mode 
(mode 00) of the ADC for the data acquisition. Therefore, 
the single-shot mode will be discussed further to explain 
its operation. 


Figure 4. DSP data manipulation of ADC data for DAC data format 


MSB 


Bit 11 


16-bit string received from ADC with 12 bits of good data 


MSB 


Bit10 | Bit9 | Bits Bit7 | Bité | Bit5 Bit 4 


aid 


Bit3 | Bit2 Bit1 


LSB 


Garbage Garbagd Garbage Garbage Bit11 | Bit10 | Bit9 Bit 8 


Bit7 | Bit6é Bit5 Bit 4 Bit3 | Bit2 Bit1 Bit0 


After DSP execution of a 4-bit right shift 


MSB 


tt 


LSB 


Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits 


Bit7 | Bit6é Bit5 Bit 4 Bit3 | Bit2 Bit1 Bit0 


4-bit control word for DAC Command 
padded after shift execution 


12-bit data of the ADC shifted to the right by 4-bit positions 


Figure 5. DAC timing diagram 
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8-ns minimum for Q and M suffixes 
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Figure 6. ADC and DAC timing diagram 
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The single-shot mode is the common method used for 
data conversion because it is easy to implement and a 
fairly simple process. The DSP initiates the conversion 
process by asserting the CS pin of the ADC through the 
XF0 pin and issuing the FS signal. This starts the ADC 
cycle. Figures 8-10 show a complete typical conversion 
cycle of the ADC in single-shot mode. 

Figure 8 shows the initialization and configuration 
cycles. As discussed earlier, the initialization cycle is nec- 
essary for device performance stability. If the device is not 
initialized properly, it may not perform correctly. To initial- 
ize the device properly, write the configuration word A000 
hex once upon power-up of the device. After initialization 
the device can then be configured. A000 hex was chosen 
for the configuration as well, since external reference, 
short sampling, internal oscillator for the conversion clock, 


Figure 7. Illustration of the complete data 
acquisition system 
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Figure 8. ADC initialization and configuration and DAC buffer write cycle for mode 00 (non-conversion cycle) 
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single-shot mode, and interrupt pin function were select- 
ed. The DAC buffer is also initialized to zero to avoid any 
spurious data being written out from the DAC. This is 
specifically done when the first write to channel A of the 
DAC is initiated. The buffer content is written simultane- 
ously to channel B of the DAC as well. 

In this article, channel selection (channel 1) is arbitrarily 
chosen for the ADC to sample the analog input. The chan- 
nel is decoded in the first 4 SCLKs. Sampling is started at 
the beginning of the 5th SCLK and continues until the end 
of the 16th SCLK. The conversion cycle follows after the 
16th SCLK, and an interrupt (ADC_INT) is generated by 
the ADC after the conversion is complete (or EOC is gen- 
erated as the conversion is in progress), but it does not 
use the FIFO to store the data. The DSP must read the 
data out of the data converter before beginning another 
conversion cycle. Notice that as soon as the device is 
selected (JCS when FS is LOW), the previous conversion 
data is presented at the SDO pin and is held until the ADC 
sees a valid FS (LFS) signal. Succeeding data is available 
at the falling edge of SCLK. Also note that, for the first 
conversion cycle, the data presented at the SDO pin is 
garbage data. The DSP can either ignore this or perform a 
dummy read cycle, depending on the user’s preference. If 
the garbage data is not read, it is simply overwritten with 
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Figure 9. ADC channel select, first conversion cycle, and DAC write 
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